The clustering of obesity with other cardiovascular disease (CVD) 
Introduction
Obesity is now recognized as a medical condition and not simply a body type. This is because over the years, several studies have emerged which have linked obesity with increased risk of developing many medical conditions including cardiovascular disease, type 2 diabetes, dyslipidaemia, osteoarthritis, poor mental health and some cancers [1] . Obesity has also been linked with increased mortality. Obesity is currently described as an epidemic with rapidly increasing prevalence in many countries and across all age groups [2] . Among US adults, the prevalence is said to have risen sharply from 15% in the 1970s to an estimated 34% in 2009-2010 [2] . It is estimated that 1.12 billion people worldwide could be obese by 2030, about 20% of the world"s adult population. Central obesity, in particular, is a major risk factor for the development of type 2 diabetes mellitus (T2D), hypertension, metabolic syndrome and cardiovascular disease (CVD) [3] [4] [5] [6] .
It has been observed that obesity-related metabolic abnormalities do not affect all obese individuals. About 10%-25% of obese people are spared [7] . This group has been termed "metabolically healthy obese" (MHO) individuals and they have a normal metabolic profile similar to that of healthy lean individuals [7] . Recent studies have demonstrated that the risk of developing type 2 diabetes and CVD is greatly increased in obese individuals that have insulin resistance and/or multiple risk factors than in those without insulin resistance or multiple risk factors. Metabolically healthy obese subjects are defined as insulin sensitive, with normal blood pressure, normal glucose metabolism and a favourable lipid profile [7, 8] . They have been reported to have a less adverse metabolic profile and outcome than obese subjects with metabolic syndrome as well as than normal weight individuals with metabolic syndrome [7] .
Metabolic syndrome is defined as a cluster of risk factors which have been shown to act in concert to increase an individual"s risk of developing cardiovascular disease. Though defined in various ways, insulin resistance or central obesity is regarded as the main abnormality [9] [10] [11] [12] .
The Healthy Obese Project (HOP) is a project designed to gain insights into the characterization, determinants and consequences of healthy obesity [13] . In the first phase, 163,517 individuals in ten population cohorts across Europe were studied. They used the NCEP-ATP III criteria to make a diagnosis of the metabolic syndrome and reported considerable variation in the occurrence of metabolically healthy obesity across the different European populations even when unified criteria or definition were applied [13] .
The aim of this study was to investigate the differences in cardiometabolic risk factors in obese subjects with and without the metabolic syndrome. We further investigated the differences in the risk factor profile of metabolically healthy obese persons and non-obese controls.
II. Subjects And Methods
The study population was made up of a total of 150 obese subjects selected from patients attending the General Outpatient and Metabolic Clinics of the University of Port Harcourt Teaching Hospital (UPTH) and 157 non-obese controls which included apparently healthy volunteers consecutively enrolled from hospital staff, medical students and relatives of patients attending the metabolic, general and medical out-patient clinics of UPTH. Ethical approval was obtained from the hospital"s Research Ethical Committee.
Informed consent was given by participants and necessary clinical information was obtained from them with the use of a standardized pretested questionnaire. Individuals below 18 years, pregnant, acutely or chronically ill, having a history of diabetes mellitus or cardiovascular disease, heavy smokers and alcoholics were excluded. After a brief general examination, the blood pressure (BP) of each participant was measured using a standard mercury sphygmomanometer, waist circumference (WC) was measured just above the iliac crest and body mass index (BMI) was estimated from the height and weight.
Venous blood samples were collected after an overnight fast. Fasting plasma glucose (FPG) concentration was determined using the glucose oxidase method and plasma triglyceride, total cholesterol and high density lipoprotein (HDL)-cholesterol were estimated by enzymatic methods. Low density lipoprotein (LDL)-cholesterol was calculated from the Friedewald formula [14] .
The following definitions were used in this study: Obesity: Defined as BMI ≥ 30 Kg/m 2 and classified as class I obesity (BMI of 30.0-34.9), class II obesity (BMI of 35.0-39.9) and class III obesity (BMI ≥ 40) [15] . Hypertension: Defined as systolic blood pressure equal to or above 140 mmHg and diastolic blood pressure equal to or above 90 mmHg [15] . 
III. Statistical Analysis
Statistical analysis was done using the Statistical Package for Social Sciences (SPSS) software version 17.0 (SPSS Inc., Chicago, Illinois, USA). Means of continuous variables were compared using the unpaired student-t test and expressed as mean ± standard deviation (SD). Frequencies and percentages were obtained for categorical variables. Pearsons chi square or Fishers exact test as appropriate was used to test for differences between categorical variables. Binary logistic regression analysis was used to identify factors that were significantly associated with obesity (using the BMI) and also factors associated with metabolic syndrome among obese subjects. Findings were presented as odds ratio (OR), its 95% confidence interval (CI) and corresponding p-values. A level of p ≤ 0.05 was considered statistical significant in all analyses.
IV. Results
Among the 157 non-obese controls, 104 (66.2%) were normal weight (BMI: 18.5 -24.9 kg/m 2 ) and 53 (33.8%) were overweight (BMI: 25.0 -29.9 kg/m 2 ). 8 (5.1%) had metabolic syndrome. Obese subjects were stratified by the presence of metabolic syndrome. Forty-six (30.7%) had metabolic syndrome and 104 (69.3%) did not have metabolic syndrome. Those with metabolic syndrome were older, had a greater severity of obesity, abdominal obesity, a higher mean blood pressure and fasting plasma glucose, and lower HDL than the obese subjects without metabolic syndrome (MHO subjects). Their mean triglyceride, total cholesterol and LDL were not significantly different (Table 1) .
Compared to the MHO, obese subjects with metabolic syndrome had a higher prevalence of abdominal obesity, hypertension, low HDL, hypercholesterolaemia, impaired fasting glucose, hypertriglyceridaemia and type 2 diabetes, but the MHO had a slightly higher prevalence of high LDL (Fig. 1) . Those with metabolic syndrome also had a 4-to 27-fold higher risk of having low HDL, hypertension, type 2 diabetes, abdominal obesity, hyperglycaemia and impaired fasting glucose in order of increasing risk (Table 2) . When the MHO subjects were compared with non-obese controls they had a greater severity of risk factors (Table 3 ) and higher prevalence of abdominal obesity, hypertension, dyslipidaemia and hyperglycaemia but a lower prevalence of IFG and type 2 diabetes (Table 4) . This difference was statistically significant only for hypertension (OR= 3.61; 95% CI = 1.98 -6.59; p < 0.001) and abdominal obesity (OR = 20.87; 95% CI = 10.36 -42.05; p < 0.001) ( Table 4) . 
V. Discussion
This was a cross sectional study carried out in a cohort of obese individuals with and without metabolic syndrome, to determine the frequency and severity of risk factors for cardiovascular disease in them.
The prevalence of cardio-metabolic risk factors in obese subjects was mostly contributed by abdominal obesity and hypertension while type 2 diabetes contributed the least. About 69.3 % of the obese did not fulfill the criteria for metabolic syndrome and were regarded as metabolically healthy obese.
It has been reported that the MHO have lower cardiovascular risk and mortality than other obese individuals especially if physically active [17] . The absence of risk criteria for metabolic syndrome in the MHO individuals suggests the absence of insulin resistance in them. Insulin resistance is the major pathogenetic risk factor for cardiovascular disease. The risk of abdominal obesity was as high as 10 fold in the obese with metabolic syndrome when compared with the MHO. This buttresses the fact that insulin resistance is likely to be the main underlying mechanism for metabolic syndrome in the obese subjects. This is because insulin resistance has been shown to have a strong correlation with abdominal obesity as measured by the waist circumference [8, 18] .
In addition the obese with metabolic syndrome also had a higher prevalence of CVD risk factors than the MHO. The risk of dyslipidaemia, hypertension, diabetes and impaired fasting glucose was up to 4-to 27-fold increased in them when compared to the MHO. MHO subjects were observed to have lower blood pressure, lower FPG, lower triglyceride and higher HDL, all within desirable limits, than obese with metabolic syndrome. However these parameters were still higher in the MHO subjects in reference to non-obese controls. These findings buttress evidence from recent studies which indicate that metabolic syndrome augments type 2 diabetes and CVD risk in obese subjects [8, 9] .
Non-obese controls however, were observed to have a higher prevalence of impaired fasting glucose (2.5%) and type 2 diabetes (3.8%). When the prevalence of control individuals was re-analyzed with the exclusion of those that were overweight and those with metabolic syndrome, the prevalence of impaired fasting glucose and type 2 diabetes reduced to 2% and 1% respectively, indicating that overweight and metabolic syndrome may have accounted for the observed increase. Individuals with metabolic syndrome, irrespective of their weight category, have been demonstrated to have a worse metabolic profile and higher risk of diabetes and CVD than individuals without metabolic syndrome [7, 8] .
Previous studies have shown that obesity is particularly associated with hypertriglyceridaemia, low HDL and hypercholesterolaemia [7, 12] . In this study, prevalence of dyslipidaemia was mostly accounted for by elevated LDL and low HDL rather than raised triglyceride. The mean triglyceride value was not different between obese with metabolic syndrome and MHO. This pattern has been reported as a triglyceride paradox in blacks [19] . This paradox describes a phenotype of insulin resistance without raised triglyceride levels. It is postulated that this is due to increased activity of the enzyme lipoprotein lipase in blacks leading to triglyceride clearance [19] . It was also observed that unlike in other populations, insulin resistance did not have a significant effect on lipoprotein lipase hence allowing clearance of triglyceride by the enzyme resulting in the paradox of low triglyceride levels in the presence of insulin resistance.
VI. Conclusion
There was a significant difference in the prevalence of cardiometabolic risk factors between obese subjects with metabolic syndrome and the obese without metabolic syndrome (MHO). This difference was more marked in risk factors such as abdominal obesity, hypertension, low HDL and elevated LDL but less with hypercholesterolaemia, raised triglyceride, impaired fasting glucose and type 2 diabetes. The major contributors to cardiovascular risk and metabolic syndrome were abdominal obesity and hypertension. The metabolically healthy obese (MHO), though had more risk factors than the non-obese, were quite similar to them in many characteristics and differed significantly only with abdominal obesity and hypertension. The above findings suggest that the adverse effect of obesity on cardiovascular disease risk is markedly elevated in the presence of features of the metabolic syndrome. Hence the concept of metabolically healthy obese. This concept is indeed intriguing as a case of "one size does not fit all". However in such persons, counseling on adoption of a healthy life-style is likely to be beneficial as they may still develop cardiovascular risk factors with time. Large scale population-based longitudinal studies on the future risk of developing cardiovascular disease in these individuals will be necessary to elucidate the need or otherwise for further interventions in them.
